Background: Febrile illness is a major burden in African children, and non-malarial causes of 45 fever are uncertain. We built and employed IDseq, open access, bioinformatics 46 platform and service to identify microbes from metagenomic next-generation sequencing of 47 tissue samples. In this pilot study, we evaluated blood, nasopharyngeal, and stool specimens 48 from 94 children (aged 2-54 months) with febrile illness admitted to Tororo District Hospital, 49
Introduction 67
The evaluation of children with fever is challenging, particularly in the developing world. 68 A febrile child in sub-Saharan Africa may have a mild self-resolving viral infection or may be 69 suffering bacterial sepsis or malaria-major causes of disability and death [1], [2] . In the past, 70 febrile illness in children under five years of age in most of Africa was treated empirically as 71 malaria due to the limited availability of diagnostics and the risk of untreated malaria progressing 72 to life-threatening illness. This strategy changed with new guidelines from the World Health 73 Organization (WHO) in 2010, which recommend limiting malaria therapy to those with a 74 confirmed diagnosis [3] . However, standard recommendations for management of febrile 75 children who do not have malaria are lacking. Increased knowledge about the prevalence of non-76 malarial pathogens associated with fever is needed to inform management strategies for febrile 77 children who do not have malaria [2] . 78 79 Advances in genome sequencing hold promise for addressing global infectious disease 80 challenges by enabling unbiased detection of microbial pathogens without requirement for the 81 extensive infrastructure of modern microbiology laboratories [4] , [5] . Although sequence-based 82 diagnostics have not yet replaced most traditional microbiological assays, this situation is 83 rapidly changing, as sequence-based strategies are incorporated for clinical care [6]-[10], and 84 costs have declined dramatically over the past decade [11] . A significant roadblock toward 85 implementation of sequence-based diagnostics is the extensive computational requirements and 86 bioinformatics expertise required. In fact, as sequencing costs decline, computational expenses 87 may proportionally increase due to inevitable expansion of existing genomic databases. 88 89 associated with P. falciparum. Additionally, GB virus C and torque teno virus (TTV), which are 136 of unknown clinical significance [12] , [13] , were identified in the serum of 25 (27.8%) and 37 137 (41.1%) children, respectively. 138 139 mNGS of NP swabs 140 A total of 90 NP swabs was collected and processed; 52 (57.7%) of these were from 141 patients with admission diagnoses of pneumonia, respiratory tract infection, or bronchiolitis 142 (Table 1) . Chest imaging was not available to further assess these diagnoses. 73 NP samples 143 (81.1%) contained at least 1 viral species ( Figure 2B ). HRV-A and HRV-C were the most 144 prevalent, followed by respiratory syncytial virus (RSV), cytomegalovirus (HHV-5), influenza 145 B, and coronavirus OC43. Other respiratory viruses identified included influenza A, HRV-B, 146 adenovirus B, 3 human parainfluenza virus types, metapneumovirus, coronavirus NL63, avian 147 coronavirus, coxsackievirus A2, coxsackievirus B2, polyomaviruses (KI), HHV-6 and Other viruses identified that are not typically considered respiratory pathogens included hepatitis 149 A virus, hepatitis B virus, parvovirus B19, mamastrovirus 1, Bwamba orthobunyavirus, 150 betapapillomavirus 1, and rotavirus. Additionally, TTV was found in 49 (54.4%) NP swab 151 samples, including one sample with both gemykrogvirus and TTV. For 26 (28.8%) patients, 152 mNGS identified respiratory viral co-infections, most commonly with HRV-C (n=11) and HRV-153 A (n=5) ( Table S1b ). The same microbial species was identified in the NP swab and serum 154 samples in 6 patients, one each with HRV-A, HRV-C, hepatitis A virus, hepatitis B virus, 155 rotavirus A, and parvovirus B19. 156 comprised 79% of all microbial reads-Moraxella (39.4%), Haemophilus (16.7%), 159
Streptococcus (16.2%), and Corynebacterium (6.6%). Given that diversity loss in the microbial 160 flora in lower respiratory tract samples correlates with pneumonia [14] , [15] , we compared the 161 Simpsons diversity Index (SDI) in patients with and without clinical diagnoses of respiratory 162 tract infection. We found no significant difference between patients with (mean SDI = 0.51, IQR 163 0.37 -0.65) or without (mean SDI = 0.51, IQR = 0.42 -0.65; p = 0.86) diagnoses of respiratory 164 infection ( Figure S1 ). This finding is consistent with a growing body of work demonstrating that 165 
Human rhinoviruses 197
Within the species rhinovirus, we assembled de novo a total of 13 HRV-C (mean 198 coverage: 39-fold) and 13 HRV-A (mean coverage: 268-fold) genomes (> 500 bp ( Figure 4) ). Of 199 these, 10 HRV-A and 9 HRV-C genomes had complete coverage of the VP1 region, which is 200 used to define enterovirus types [19] . HRV types are defined by divergence of >73% in the VP1 201 gene. As such, we found three HRV-A and eight HRV-C types in this cohort. One individual 202 harbored two distinct HRV-A types (genome pairwise identity=75.3%, VP1 pairwise 203 macrolides/lincosamides, phenicols, sulfas, and tetracyclines were identified ( Figure S2 ). 227
228

Discussion 229
The clinical management of children with fever is challenging in Africa, where clinicians 230 often have access only to malaria diagnostics. A better understanding of the microbial agents 231 causing fever in African children is needed to inform the development of better diagnostic 232 algorithms and therapeutic guidelines. To address this unmet need, we developed and deployed 233 IDseq in combination with unbiased mNGS to characterize the etiology of fever in Ugandan 234 children admitted to a rural district hospital. We identified a wide range of pathogens in these 235 designed to identify all potential pathogens, but have been limited by high cost. The costs of 254 deep sequencing are rapidly decreasing, but the analysis of mNGS data necessarily incurs an 255 increasingly large cost, as the available genomic databases to be searched continue to expand. 256
Other major challenges for mNGS approaches include the need for better control datasets, in 257 particular to enable discrimination of contaminants and commensal organisms from true 258 pathogens. The IDseq platform was based on our prior experience with in-house pipelines for 259 Approximately 48% of febrile children in our study presented with diarrhea, but due to logistical 290 constraints stool specimens were available for only 10 cases. Rotavirus A, the leading cause of 291 pediatric diarrhea worldwide [45] , was the most commonly identified pathogen in this cohort. 292
Rotavirus vaccination, known to be highly effective, is yet to be implemented in Uganda, but the 293 with rash, sepsis and diarrhea. This virus has previously been described to cause fever in Uganda 313
[51]. Our identification of two orthobunyaviruses, including one novel virus, in a small sample 314 of febrile Ugandan children suggests that the landscape of previously unidentified viruses that 315
infect African children and potentially cause febrile illness, is significantly under explored. 316 WHO Essential Medicines List was identified in this study [52] . Three children had genotypic 318 evidence of ESBL producing organisms predicted to be resistant to ceftriaxone, a frontline 319 antibiotic for severe infections in this region [53] . In addition, one of these three children carried 320 IMP-1, which also confers resistance to carbapenems, a class of antibiotics reserved for the most 321 resistant infections. 322
323
Our exploratory pilot study had important limitations. First, our samples were not 324 collected randomly, but rather were a convenience sample due to the logistical constraints of our 325 small clinical study; as such the results should not be seen as broadly representative of pathogens 326
infecting Ugandan children. In particular, the lack of identification of bacteremia in study 327 subjects may have been due to a relative paucity of severe illness, compared to that in other 328 studies, in our cohort of admitted children. Second, clinical evaluation of children followed the 329 standards of a rural African hospital, so diagnostic evaluation was limited to physical 330 examination and malaria blood smears. Much more may be learned by linking rigorous clinical 331 evaluation with mNGS results, and thereby more comprehensively assessing associations 332 between clinical syndromes and specific pathogens. We thank the children and families in Tororo District, Uganda, who participated in this study. 540
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